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DEPARTMENT OF THE NAVY

NAVAL AIR SYSTEMS COMMAND
WASHINGTON, D0.C. 20361

in REM.Y agrer TO

52026B8/79: JAB

AUG 18 1878

From: Commander, Naval Air Systems Command
To: Distribution List

Subj: Composite Material and Metal-Composite Joint Workshop Meeting

Ref: (a) Telecons between John Birkem (AIR-52026B), Robert Wallenberg
(Syracuse Research Corp., Syracuse, N.Y.) and others on
Distribution List -

1. This is to confirm that you have been invited to attend a workshop

on composite material and metal-composite material joint electromagnetic
properties to be held on 24 and 25 August 1978 at the Naval Air Systems
Command (NAVAIR), Washington, D. C. in Room 664 JP-2 at 0900 in accordance
with reference (a).

2. The meeting is directed towards instrumentation techniques and sample
holders utilized to measure convenient size composite and composite-metal
joint sample electromagnetic properties. Measurements of specific electro-
magnetic parameters and their inter-relationships will be discussed.
Participants are invited to present reviews of their own work to date and
their planned future efforts. Notify John Birken, (202) 692-3935, if

more than 30 minutes presentation time is required.

3. A discussion of material sample panels and joints being prepared will

pe held and will include the composite-metal joints being prepared by

W. Gajda (Notre Dame) under Contract Number NOOQl9-77-C-0460. Available
test techniques will be analyzed with regard to how they affect the required
material samples being evaluated., In particular, the methods for holding
samples need to be examined for uniform testing. It is hoped that preseat
and future users of NAVAIR-supplied samples will provide required data,
dimensions, and shapes for the samples they require.

4. A viewgraph projector will be available for use in the presentation of
viewfoil material. If possible, it is also suggested, but not required,
that written materials be included to augment the oral presentation.
Copies of viewfoil and written material will be made available to all
participants.

5. 1If you have any questions, need further information, or wish to modify
the agenda, please do not hesitate to contact Dr. Birkea (NAVAIR) or
Dr. Robert Wallenmberg, Syracuse Research Corporatiom, (315) 425-5228.
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FORLEWORD

The Composite Material and Metal Composites Joint
Workshop was hosted bv the Naval Air Systems Command (NAVAIR).
Invitation to attend was provided by NAVAIR letter 52026B/78:
JAB of August 18, 1978. The workshop was held at NAVAIR on
24 and 25 August, 1978.
The purposes of the workshop were:
\t2;57The meeting is directed towards instrumentation

/’
/

techniques and sample holders utilized to measure
convenient size compocite and composite-metal
joint sample electromagnetic properties. Measure-
ments of specific electromagnetic parameters and
their inter-relationships will ve discussed.
Participants are invited to present reviews of
their own work to date and their planned future

efforts.

//éb A discussion of material sample panels and joints
being prepared will be'held and will include the

composite-metal joints being prepared by W. Gajda
(Notre Dame) under Contract Number N00019-77-C-
0460. Available test techniques will be analyzed
with regard to how they affect the required
material samples being evaluated. In particular,
the methods for holding samples need to be
examined for uniform testing. It is hoped that
present and future users of NAVAIR-supplied samples

will provide required data, dimensions, and shapes

for the samples they require;j<:;
This report provides copies of the Visual aids used

for the formal presentations.

Note: In a few instances, viewgraphs have not been included
as they were found to be unsuitable for reproduction.
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Composite Material and Mctal Composites

Joint Workshop

24 and 25 August 1978

Chairperson: Dr. John Birken

g et me v

AGENDA

Thursday, August 24, 1978

1. J. Birken, NASC
Overview of Joints in Composite Materials
2. W. Gajda, Notre Dame
: Materials preparation, measurements, and
| experimental setup at Notre Dame
i 3. R. Wallenberg, Syracuse Research Corporation
P.M ]
4. R. Carri, Grumman Aerospace Corporation ;
5. J. Reardon, Naval Research Laboratory
6 E. Donaldson, EES, Georgia Tech
7. R. Stratton, Rome Air Development Center
8. D. Chang, University of Colorado 1

Friday, August 25, 1978
A.M.

S. Tompkins, NASA Langley
Swink, NSWC/Dahlgren
Prehoda, NSWC/Dahlgren

~ g

Condon, General Electric

Roden, Syracuse Research Corporation
Becktal, NSWC/WO

Scouby, McDonnell Aircraft Corporation

O O GO




Open lorum

Open discussion of hest parameters to measure,
comparison of techniques in accuracy, sample
size, ease of sample preparation and ease of
measurements adaptation of uniform planar jig.

Composite material sample dimension requirement
from each participant. Units results will be
reported in frequency of operation. NAVAIR will
compile results, convert to common units compare
and disseminate to all participants.
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William G. Duff

N. lynn Jarvis

M. Stander

Joseph P, Reardon

Harry Z. Wilson

C. D. Skouby
Walt Gajde
S.S. Tompkins
Bob Carri
David C. Chang
Richard Hall

Ronald Prehoda

Ernest Donaldson

John Birken

Roy Stratton

Robert Wallenberg

Vic Mazzio
Gene Shumaker
G. Bechtold

A. Somoroff

Th CCNI0IITE

JCINT WORYEHOP

ORSGANIZATION

Atlantic Research Corp
Naval Research lab.
NAVAIR (52032D)

Naval Research Lab.
Aerospace

McDonnell Aircraft
Notre Dame

NASZ - lLangley

Grumman Aerospace
University of Colorado
Naval Surface Weapons Center
NSWC/Dahlgren

Georgia Tech.

NAVAIR

RADC

Syracuse Research Corp.
General Electric Co.
USAF/AFFDL/FBC
NSWC/WOL

NAVAIR-320

(703) 354-3400
(202)767~3550
(202)692-7543,5
(202)767-2998
(213)648-6253
(314)232-3096
(219)283-3763
(804)827~2434
(516)575-2754
(303)492-7539
(703)663-8781
(703)663-8781
(404)894-3535

(202)692-3935

(315)425-5228
(215)962-2372
(513)255-3736
(202)394-1746

(202)692-2515)




Dr. John Birken
Naval Air Systems Command

Overview of Joints in Composite Materials
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Bigh Field Thresholds
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rtranverse
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TABLE 11 z, OF COMPCITES, CCATINGS ANMD COATED COMPOSITES
z, B BELDOW 1 OWMW)
FRECUENCY (tAMz)
MATERIAL m ] A H ] i no "0
64 M| Aluminum® &7 ] s ~225 -571 -850
8 Pty T300 Graomm o) i = & 2015 -335
. Pry T300 Gracnese 359 i -3 ~36 -a% <02
2 Pyy Hts Graohite X 30 =30 -32 -“52
M Pry Rig 5505 Soson® - - - <’ =181
:REENS , ¥
18 Mesh Aluminum P l 56 o -36 N7
Mesh Aluminum 60.5 61 £3 -57.7 -4 4
0 Mesh Aiuminum £57.4 -57.4 -58.2 ~50.4 ~54.9
200 Mesh Aiumsinum 7.7 -£7.7 ~ 4B «48.3 83
~” Mesh Phosphor Bronze 52 ; £ 815 525 -“7
O Mesh Phosonor dronze 5.5 , «5.6 45 -7 55
+£0 Mesnh Phosphor Bronze 1.4 ! -47.4 7 ~48 <53 “
4 Mesh Steer27 50 A8 42 <27 7
! !
: i
rOILS '
? Mil Copper ™ i ™ 742 83 33
Vil Aluminum -84 ' 54 64.5 -€9.5 486.5
1 Mil Aluminum 58 . 58 ‘ -58 59 664
* *4il Coneuc Foil -8 1 .2 ‘ -130°
. 4 - |
~IATED COMPOSITES i |
.. Py T300 + 2 Mi 64 ' 54 Tk 054 185 *
Aluminum
Pty T300 + 40 Mesh 80:5 805 || eam 31% 443 ¢
sminum !
24 Pty T300 » 1 Mil .58 ' .58 ' s34 849 964
Ajluminum ,
Ply T200 + 120 Mesh £7.4 574 | 594 814 183 °*
Jminum ) : .
14 Pty T300 + 80 Mesh 52 -52 iI|. 648 <754 45
™~ osphor Bronze :
Piv T200 + 120 Mesh 49 49 ! 51 725 as1*
-mnosphor 8ron2e |
12 Ply Hts « 120 Mesn 474 474 i -49.5 50 87
csphor Bronze . - nE
Ply Hts + 100 Mesh o -AB7 , 487 1], =493 ' £59.1 o1
Phosphor Bronze ' ‘ |
[} [} ! + l .- -
L A J

ALCULATED
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e
Tabie & ~Peak Trarmssnes on Aose/ ol Wire

NOTE: Values are given for open circurt vorage N.c! BN ShOM-Oire il Casirent (l';l fam wire W Siruciure!

grounc. Contigurateon 4
AR mezsi | All metal . , I Composne }
Tesrswen | iciosec | 4open | @ | Compositeea |  eccess doors |
Fmrea: wurce eockpiti | @OOKpili (-@0MPOSite ||Dittusion| Joim ° FD'rﬁus-oni Joint '
;, [ Mosemil | VooV | .1 | -4500 |-32000 |-28000 2400 | -5500— i 0400 | :
 atiachment | |__'p 0.3 67 || -moo || -7s0 || #w | -6 | 4B :
_EMP . . ' '
LEMP | Nearby Voo V ‘ -0 250 | -5 | @1 -130 28 v
strike i A ‘ -3 | &2 1% jl02u | <& 095
Voo V ‘ 2200 102 15 | -37 68 -18
VEIl fuselage N . . .
g A 28 15 | 015 03 | 083 |-0.22
| NEMP . ) ! ‘
IE Ltuselage | VooV - 36 - - - -
e A - 047 | - | - - -
“Less than 0.1-vo!t (or amp)

Table 6.~Peak Transients on Nose/V/ing Tip Wire

*Less than 0.1 volt (or amp)

Note: Values are given for open circuit voltage (V] or short circuit current {1} from wire
10 structural ground.

Cunfiguration
. Transient All metal i| +Composite wing
Threat 1source {ctosed cockpit} | All composite {{ Difttusion | Joint
iNose/tail VOC'V -2.1 ) -6500 : - | - :
attachmeni Ioo A 0.1 -220 ; - -
LEMP s¢ ‘ '
'Nose;’w'ng up Voo V -54 -17000 11-11300 '{ 2800
t ent -
stischm Tyer A ") 2580 1| 870 1| 95
Ell fuselagr Vo V . 84 ] . S -
* 3 ' .A ¢ 1.3 ' - ! - 1
NEMP s¢ ;
E tuselage [ Yoe ¥ : AT L]
sor A : T 1.0} -0.33 «
]
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CYLINDER WAS FABRICATED EXTRE
LONG, CUT, MACHINED AKD SECON-
DRRILY BONDED WITH ‘ER-934
RD=ZSIVE.

Y ~ 72 mMHOZS

Heter

3
/ 0- loos H.,

1/8-DIf RD.ID. RIVET € TC
178 DIA BOLT M. 70 M.

CYLINDER CENTER TOWARDS ‘BOTTOM

OF PAGE. METAL RINGS FABRICATED
FROM ALUMINUM "SHEET, «CUT, RALLED
At WELDED. THE RIVETS OR BOLTS
WERE PLACED IN A CIRCUYFERENTIAL
RO 2PPROX [MATELY «ONE IRCH -APART
A ELTERNATING 1/8 INCH TO ETTHER
SIE OF THE CIRC. CTR LINE.
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FIRST THREE STEPS «(4 LY MR
STEP) 'WERE PRECURED COMRACTEN),
£A-S34 APPLIED TO SARDSU: OMRASTTE
STEPS, AND THEN (LONSTTURMIRL L ¥
SLIT/'METAL RING MANTINVEREL INTC
PLACE. REMAINING CONPOSIME STEPS
HIRE APPLIED TO ‘EA-93% CORTED
¥cTAL RING .TK PLACE. ‘METAL RINS
A3 FABRICATED :FROM 2024 ALUMIRUY.
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Table 7.—Peak Open Circuit Violtages for Gomposite Structures Vessus Joints
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CYULNDER CENTER TOWARDS SOTTOM

Of PAGE. CYLINDER WAS FABRICATED
c § EXTRA LONG TO PROVIDE MATERIAL

FOR INTER RING, WHICH WAS CUT
LONGITUDINALLY AND SQUEEZED INSIDE.
c JOINT WAS SECONDARILYBONDED WITH
EA-S04 ADMESIVE

% of

WAS CUT, STEPS MACHINED AND THEN
JOINT WAS SECONDARILY BONDED WITH

{ 1 f3 EA-934 ADHESIVE
—! as* }-—— ’ t '

‘ CYLINDER, FABRICATED EXTRA LONG,
c§ 1

CYLINDER WAS FABRICATED EXTRA
yc \ c} LONG, CUT, MACHINED AND SECONDARILY
BONDED WITH EA-834 ADHESIVE,
|-

QoY FIRST THREE STEPS (4 PLY PER STEP)
WERE PRECURED (CCMPACTED), EA-934

l / . APPLIED TO SANDED COMPOSITE STEPS,
W ¢ AND THEN LONGITUDINALLY SLIT METAL
ED RING MANEUVERED INTO PLACE.
REMAINING COMPOSITE STEPS WERE

APPLIED TO EA-334 COATED METAL RING
F Lo ;“- "‘f n°$;, I IN PLACE. METAL RING WAS FABRICATED

FROM 2024 ALUMINUM,

CS -CYLINDER CENTER TOWARDS 8OTTOM OF
PAGE. METAL RINGS FABRICATED FROM
ALUMINUM SHEET, CUT, ROLLED AND
WELDED. THE RIVETS OR BOLTS WERE
PLACED IN A CIRCUMFERENTIAL ROW
APPROXIMATELY ONE INCH APART AND
‘ALTERNATING 1/8 INCH TO E!THER SIDE OF
THE CIRC. CTR LINE. .

\ !
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} -1 / 178 DIA BOLT M. TO M.

\ Figpre 25 Seructral Joints for Quadrax Test Specimens /

e e



TEING D180-24628-1
GUMER CYLIMDER
4+ ' 28Q
TERMINATION
MEASURNEMENT SomcaL o .
OF SAMPLE S Soen ——
CURRENT |\
o s ————
FEWSE WO : : ‘
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SOURCE T0S0 0
|| eNSTRUMENTATION
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OHMS FOR 2y
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(@) Schematic of quadraxial test Tixture

STEEL GuAMP

CONICAL AFT MOUNTING
TFRANSITION 'PLATE

(b) Sample cylinder clamping arrangement

Figure 5.6-1. 'Quadrax Test Pixture
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b) Transmission (T) and scattering parameter (S)
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minimum
average

maximum

Breakdown Thresholds

E(volts/ms
3.2(10%)
3.7(10°)
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J(amp/mz)
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103. 2¢20%)

125.1(106)




«
0S ov 0€ 0z ¢t ot 0°S S$°1 o°'r S0
(R0 ;< et -+ + 4 } . - + -+ o,
(s3¥1d _0 03 Tayyraed paiyaxd)
(] (w2 ¢1°0 X §y°0 X €°£) *9Tg a1duvs !
LHT-7 UN0I1I
O— -0 o o + 0001
!
g (a/soys)
) o
- 0§ Q7 06 0z ST OF 0§ $'T 0T 50
. (310 3 — + — 4 + + + + $ 0
L. [n]
. (saF1d 0 03 y3rIvIvd 23370x3) .
(92 €0°0 X y9°0 X £°¢) ‘624 srdurs 000z
gZ-7 JuNnolId
. oo — _.?\“23
. 0S 0y ©0f 0z ST ot 0%s ST o1 50
GE) 3¢ +—t - b 4 } } L 4 } h o0
[n]
—0—O0—n (ca31d ,0 03 YeyIvivd pailpIxa) 8
. ' (8 80°0 X SC*0 X 0°9) ‘Igy ddues
" L2-T wAold c000T
Q 0
' . | (a/s0y)
| 2
ST T
»\ Al ..”\.r.: ..t& ~..\q\n\ \\\(




S\'J“ E,?Y

set RESULTS

< —~——



o e

- e e ————— — —

Graphitc/Epoxy Doron/Epoxy  Kevlar
Permecability 9% 1 1 1
.
Permittivity R Indeterminant 5.6 3.6
DC Conductivity (mhos/m)
longitudinal o 2(20%) 30 6(107%)
transverse O, 100 ,"2(10-8) 6(10—9) !
Anisotropy Ratios (o /0,) 200 1.5(10%) 1
High Field Thresholds ;
longitudinal
ENL (volts/m) 250 not not
JNL (amps/mz) 4(105) measured measured
tranverse -
ENL (volts/m) 4000 not not
JﬁL (amps/mz) 1(104) measured measurcd
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SEMILINFINITE
METAL BARRIER

\Y
MSE = MAGNETIC SHIELDING EFFECTIVENESS = 20 LOGwTL DECIBELS.
2

WHERE VIS MEASURED WITH BARRIER ABSENT AND Vz'-'JITH BARRIER
PRESENT, | BEING KEPT CONSTANT.

MSE=A<+R, - R, T
WHERE

A = ABSORPTION LOSS (¢B) = 3.3X 1031 Vigp (2)

Ry= REFLECTION LOSS (dB) =
20 LOG 0% \F.orar |2 403s (3)
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AND WHERE
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Figure D-12.—Magnetic Shielding Effectiveness Equations for Flat Piate Test
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ROV APPROXIMATELY ONE INCH APART
AND ALTERNATING 1/8 INCH TO EITHER g
SIDE OF THE CIRC. CTR LINE. x
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3 ﬁ c EA-G34 APPLIED TO SANDED COMPOSITE
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Figure 84.—Structural Joints
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Figure 83.—Measured Joint Admittance
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Figure 2.5.1 The General Problem of Two Regions Coupled by an
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NACM/TSCC Program Review
June 13-15, 1978
Paper C-11

Development of Electrice? Conductive
Graphite-Fiber Reinfo- . Jomposites

Joseph P. Rea. n
Code 6170, Naval Research Laboratory -

The purpose of this new NAVAIR-sponsored program is to develop
highly conductive graphite fiber suitable for incorporation into
composites. It is expected that one or two plies of fiber of high
electrical conductivity will suffice for providing greatly enhanced f
shielding of electronic equipment within a composite structure against
electromagnetic interference (EMI) as well as improved protection
against damage from lightening and accumulated electrostatic charge.
NRL's first choice for this task is a highly graphitized pitch-base
fiber developed by Union Carbide. The inherent high conductivity of
this highly graphitized fiber can be further increased five- to tenfold
by forming stable intercalation compounds. Conductivities about one-tenth
that of aluminum have been achieved to date and further improvements are
anticipated as new intercalants are tried. It is recognized, however,
that the need for long-term chemical stability may preclude adoption of
some of the electrically more favorable intercalants.

Intercalation of graphite fiber has to be done before prepregging.
Consequently we elected to begin our work with woven fabric so we would
be.free to intercalate and prepreg the material in small lots, all in-house.
Union Carbide has supplied us with the highly graphitized pitch fiber in a
plain weave. The fiber has a density of 2.2 g/cc; the yarn tensile strength
is about 400,000 psi and the Young's modulus is 110-120 million psi.
Composites of epoxy and the intercalated fabric are visually indistinguishable
from cozposites using the untreated fabric, and there has been no sign of
escape of intercalant during cure. A series of composite plates is being
fabricated that includes various proportions of the highly graphitized
fabric (both untreated and with various intercalants) and T300 cloth. These
plates are then being evaluated in terms of their electrical, mechanical,
and chexaical properties. The bulk of the EMI shielding evaluation will be
carried out at NSWC-Dahlgren.

It is not our contention that better conductivity alone will solve '
the EMI and related problems. We do feel, however, that the hundred-fold
increase in conductivity over that of current graphite/resin composites
that we see as achievable will give the aeronautical engineer much more
latitude in his design work.
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Georgia Institute of Technology
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FIGURE 1l: Multiple Signal Paths in Shielded Enclosure
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